practise major surgery and resent the idea that they must become superspecialists and be forced into medical centres. Those who favour Plan 2 feel that otolaryngologists outside medical centres are forced to do many things that should rightly be done by the family practitioner. They say that two or three hours of hard driving will bring those cases needing hospitalization or special diagnostic studies to a medical centre. They also insist that any plan to train a general otolaryngologist as well as a superspecialist will create first and second class citizens, so that it will be impossible to recruit for general otolaryngology. Their opponents state that this has not proved to be true in orthopadics or ophthalmology, where every year they offer training for superspecialization to a limited number of young doctors.
In conclusion, as one looks into the future, one sees a specialty that is strong, that is now well organized, and has the capabilities of expressing its needs on a national basis. It has a more important role to play in American medicine than ever before.. While its future may be somewhat altered by the implementation of a national health service programme, it is generally felt that in any such programme the design of training will be left to the doctors. A national health programme may change the method and the amount of remuneration for service, but is unlikely to alter the basic concepts of medical education. They say government never solves problems, it subsidizes them. It is our hope to solve our problems and let the government subsidize us for services rendered.
There is now a tendency for American otolaryngologists to practise in groups taking advantage of the services of well-trained paramedical personnel. This is expected to increase in the future. More doctors are expected to go in for superspecialization in the future. This will result in an increased number of conflicts with the other specialties, but competition is frequently very good for doctors, and the more we specialize, the more active will become our research programmes, which could do much to improve health care in our field. Continuing education will be required, with periodic examination for recertification. Subcertification may also be required of the superspecialists.
If we adopt Plan 1, we will need a number of additional superspecialists and several hundred more general otolaryngologists within the next ten years. Plan 2 will call for a considerable increase in the number of superspecialists. Also, to fulfil Plan 2, it will take us 10-15 years to select and train sufficient family practitioners in the rudiments of otolaryngology. In the future, either plan will require careful regulation of the output of our training programmes, and better distribution of those doctors trained to handle otolaryngological disorders.
Which plan will be chosen? I should myself favour Plan 1, because it is the one that will give the best health care delivery to the most people. It will also give otolaryngology a stronger voice in national health planning. Plan 1 is admittedly somewhat more costly but doctors are basically interested in improving the health of mankind. The specialty must make this decision soon, however, because the federal government has become very interested in how medicine is to be practised in our country in the future, and if we do not make this decision for ourselves and act upon it, those standing in the wings are ready to make it for us. A new feature in the clinical picture of meningitis in recent years has been the occurrence ofrepeated attacks in some patients. This is readily explained as we can, with modern antibiotics, successfully treat the majority without serious complications. Sometimes, however, when the meningitis has been so treated, certain factors exist which predispose to further attacks. These are a defect in the dura mater or a defect in the bone adjacent to the dural defect. These two factors lead to a direct communication or fistula between the subarachnoid space and the outside and any superimposed infection leads to a further attack of meningitis. In order to prevent recurrent attacks one must prevent the coincidence of all factors comprising the conditioning reflex by cure of the infection, closure of any bony defects if possible, and repair of any defects in the dura mater.
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The problem therefore in cases of recurrent meningitis is to find the communication between the subarachnoid space and the air sinuses, mastoid, or middle ear, or the outside of the body, and then to close it. To do these two things one must know the cause of these communications, or cerebrospinal fistula as they are called, and where they are likely to occur. So far as the ear is concerned the cause of such fistule may be congenital malformation; trauma leading to fractures of the temporal bone; postoperative; or associated with disease of the temporal bone.
Classification
Temporal bone fistule may originate in either the middle or the posterior fossa of the skull. They can be classified as extralabyrinthine, where the defect is in the floor of the middle fossa in the region of the tegmen tympani, or intralabyrinthine, where the communication between the middle ear and subarachnoid space is via the labyrinth and the fistula arises in the posterior fossa.
Each of these two types, extralabyrinthine or intralabyrinthine, can be divided into open or closed. In the former the cerebrospinal fluid (CSF) passes into the external auditory meatuscerebrospinal otorrhcea. This can result from a fracture involving the bony external meatus, from the injury having caused a tear of the tympanic membrane, or following myringotomy which has been performed in the closed variety.
In the closed variety CSF passes into the middle ear behind an intact tympanic membrane. The fluid passes via the eustachian tube into the nasopharynx. Where the discharge is slight it may go undetected and the only indication that a patient has such a fistula is the development of recurrent attacks of meningitis.
If the discharge down the eustachian tube is more profuse it may pass into the nose, leading to cerebrospinal rhinorrhoea, and may suggest a fistula from the nasal cavity and anterior fossa, rather than the ear. The fact that cerebrospinal rhinorrhoea can originate from the ear must not be forgotten, otherwise an unnecessary exploration of the anterior fossa may be undertaken.
Congenital Malformations Case 1
A H, boy aged 21. First seen 27.7.70
He had already suffered three attacks of pneumococcal meningitis, the first at the age of 9 months. It was noted at that time that he had a slight discharge from the nose, but no particular significance was attached to it. Suspicion had been cast on the right ear as the cause of the recurrent meningitis, because of slight bulging and injection of the ear drum on that side. Tomograms of the petrous temporal bone were carried out and showed absence of the cochlea on the right side, a widely dilated labyrinth, and a very narrow internal auditory meatus as compared with that on the left (Fig IA, B) .
On 18.8.70 the right mastoid was explored through a post-auricular incision and the middle ear exposed. The bone over the promontory looked thin, the ossicles and crura of the stapes were normal, but there was complete absence of the bony footplate of the stapes (Fig 2) . The oval window was covered with a thin layer of tissue which pulsated and a discharge of clear fluid was coming from the area of the footplate. A muscle graft was placed over the oval window membrane and the patient made a good recovery.
A few weeks later he developed a further attack of pneumococcal meningitis and on 29.9.70 the right ear was re-explored, this time through an endaural incision. The posterior bony meatal wall was taken down, the incus and head of malleus removed, and the area of the lateral semicircular canal exposed and opened. A large cystic cavity was found, the semicircular canals and vestibule were rudimentary, and from the cavity there was a profuse flow of cerebrospinal fluid. The opening in the labyrinth was en-larged and the whole cavity packed tightly with temporalis fascia and muscle. The orifice of the eustachian tube was curetted, packed with Horsley's wax, and a tympanomeatal flap placed over the attic to adhere to the promontory and horizontal part of the facial nerve canal, thus obliterating the attic and shutting off the middle ear from any connexion with the eustachian tube. The cavity was packed, and the patient made a good recovery. Since then he has been reviewed in the outpatient department and there have been no further attacks of meningitis.
The syndrome of congenital deafness associated with recurrent attacks of otitic meningitis was first described by Nenzelius (1951) . He reported the case of a 15-month-old girl in whom the findings were very similar to those in Case 1. There was unilateral deafness, X-rays revealed no demonstrable cochlea or labyrinth on that side, and the internal auditory meatus was very narrow. Myringotomy had been performed and subsequently there was cerebrospinal otorrhcea. At operation the discharge of CSF was found to be due to a communication between the subarachnoid space and middle ear via the labyrinth and oval window.
Further cases were described by Precechtel (1954) ; Skolnik & Ferrer (1959) , who found the cerebrospinal leakage to be from the oval window; and Bauer (1962) , who reported a case where at post-mortem the fistula discharging CSF was related to a congenital cyst of the cochlear aqueduct.
Bilateral congenital deafness may be present as reported by Barr & Wersal (1965) . In their case there was a malformation of the round window as well as deformity of the promontory, and CSF was leaking from the oval window. In some cases congenital deformities may be present elsewhere in the body in addition to the labyrinthine malformation (Bennett 1966) .
Quite apart from this type of congenital malformation, Kline (1933) reported a case of a defect in the tegmen tympani in a man of 54 years who had died of pneumococcal meningitis. Autopsy revealed an opening in the bone and dura on the upper surface of the temporal bone. Similar cases were reported by Dysart (1959) and Kaufman et al. (1969) . These cases were thought to be due to congenital defects in the region of the tegmen tympani but all were in adults. It is morethan possible that they were not congenital but due to trauma or previous disease despite the absence of a history.
The exact source of the communication between the subarachnoid space and the labyrinth is difficult to define in these congenital malformations. The profuse flow of CSF noted in them points to a large communication between the labyrinth and the subarachnoid space. The communication may be via the cochlear aqueduct. It is known that in the newborn infant the cochlear duct is wide open and short. Where there is malformation of the labyrinth this would open into the large cystic type labyrinth and form a communication between it and the subarachnoid space. The opening of the cochlear duct would remain patent and not close as it normally does as the child gets older, because of the congenital malformation and of the profuse flow of CSF into it.
On the other hand the communication may be via the internal auditory meatus. It has been shown that CSF passes into the internal auditory meatus via the perineural sheaths of the VIII and VII nerves and the outer part of the meatus is very near to the vestibule. This could be the connexion between the subarachnoid space and the cystic labyrinth, but in these cases the internal auditory meatus is very narrow. For this reason it is doubtful if the connexion would allow the profuse flow of CSF present in these cases, and it may be that a patent opening of the cochlear aqueduct is the more likely communication between the labyrinth and subarachnoid space.
Embryology
No primary communication exists between the labyrinthine vesicle and the middle ear (the former develops from an ectodermal depression in the region of the hind brain, with subsequent differentiation of the latter from an entodermal outgrowth of the first pharyngeal pouch). Thus a mesenchymal layer or wall is present between them. Some of the otic capsule cells in the region of the future oval window develop into precartilaginous cells which help to form the bony footplate of the stapes; others develop into fibrous cells which go to form the annular ligament around the stapes footplate. If this differentiation is erroneously involved the footplate of the stapes may fail to develop or develop only partially. A weakness results which is unable to resist the pressure of CSF in the labyrinth leading to the formation of a fistula through the stapes footplate or oval window. These have been described as congenital fistulm of the stapedial footplate (Crook 1967 , Rice & Waggoner 1967 , Schultz & Stool 1970 ), but it is more likely that these fistule are the result of the labyrinthine malformation rather than a congenital defect per se. The cause of the deformity is a failure of development of the ectoderm of the labyrinthine vesicle. As a result the membranous and bony labyrinth is rudimentary and the VIII nerve is also rudimentary. As the internal auditory meatus contains the VII nerve only, which is unaffected by the malformation, the meatus is much narrower on the affected side than it is on the normal. The cause of the failure of development of the labyrinth is unknown.
Trauma to the Temporal Bone Case 2 J V, boy aged 12. First seen 15.10.66 Eighteen months previously he was admitted to the accident ward unconscious after a head injury. A fracture of the right squamous temporal bone was present and it was noted that he had a discharge of bloodstained fluid from the right ear which ceased after five days. He was discharged one week later. Since then the parents had noted a discharge of clear fluid from the ear from time to time. A year later he was admitted to a medical ward with pneumococcal meningitis, and a further attack occurred six months later. He appeared to be recovering from this when he suffered a relapse. It was at this stage that otological opinion was sought and X-rays showed the left mastoid cells to be well defined; those on the right showed loss of definition compatible with mastoiditis and a fracture line could be seen involving the middle ear (Fig 3A, B) . Immediate operation on the right mastoid was advised and carried out through a postauricular incision. Some thin pus was found in the mastoid and a fracture was noted deep in the external auditory meatus, which extended to a defect in the tegmen tympani just above the attic. The fracture line was full of granulation tissue which was carefully removed. A muscle graft from the temporalis muscle was turned down to cover the defect. The cavity was packed and the wound sutured.
The patient remained well until a year later when he suffered yet another attack of pneumococcal meningitis. The right mastoid was re-explored through an endaural incision, the posterior bony external meatal wall was taken down, and the incus and head of the malleus removed. The area of the fracture in the tegmen tympani had again filled with granulation tissue which was removed. A fascial graft taken from the temporalis fascia was allowed to dry and was insinuated above the fracture on all sides, between the upper surface of the bone and dura. A further muscle graft was placed in the mastoid cavity, the skin of the tympanomeatal flap was placed over the muscle graft, and the cavity packed. Since this procedure the patient has remained well and there have been no further attacks of meningitis.
Case 3 H B, man aged 21. First seen 22.5.64 Two weeks previously he had fallen from a tree and been unconscious for 24 hours. Since regaining consciousness he had complained of buzzing in the ears and deafness. He was referred for otological opinion and found to have a bluish tinge of the membrana tympani; and there was some bulging of the ear drum. He was extremely deaf in the left ear and less so on the right. A diagnosis of hiemotympanum was made and myringotomy performed. Thin blood-stained fluid was aspirated, especially on the left side. After this the hearing on the right side improved but that on the left remained very poor.
Between 1.6.64 and 18.8.64 the patient developed two separate attacks of meningitis and was treated in a medical ward. He was referred back and a left cortical mastoid operation carried out. A fracture line was exposed in the region of the aditus with leakage of CSF. The aditus was packed tightly with fascia and muscle from the temporalis muscle and the patient made a good recovery.
He.was not seen again until June 1972 when he attended because of increasing deafness in his right ear. Tomograms taken at this time showed a fracture of the left temporal bone still plainly visible though it was eight years since the accident, running through the apex of the petrous bone, through the vestibule and into the middle ear (Fig 4) . On the right side there was a similar fracture which appeared to involve the basal turn of the cochlea. He had suffered no further attacks of meningitis since the mastoid operation in August 1964, but the hearing on the right side had deteriorated since he was first seen.
Fractures of the base of the skull involving the temporal bone and accompanied by dural tears are the most common otological cause of cerebrospinal fistulh leading to recurrent meningitis. The most common type of fracture encountered is the longitudinal or middle fossa fracture in which the course of the break is parallel to the long axis of the petrous bone. Such a fracture passes in front of or at the level of the external auditory CSF otorrheea may result, leading to meningitis during the first few daysor there may be a delayed onset of meningitis or recurrent meningitis as reported in Case 2.
Transverse temporal bone fractures are usually found at right angles to the long axis of the petrous bone, with consequent damage to the membranous labyrinth. The tympanic membrane is rarely ruptured. If the patient survives the immediate skull injury the greatest threat to life as a result of this type of fracture is the development of late or recurrent meningitis. Spitz et al. (1961) , reported a case of cerebrospinal otorrhoea and no fewer than twenty episodes of meningitis after a transverse temporal bone fracture, before the dural defect was found and closed. Skoog (1949) thought that many cases of meningitis were related to unrecognized transverse fractures of the temporal bone, but had been attributed to some other cause. In this respect it is important to bear in mind the microscopic temporal bone fractures which are being increasingly recognized by tomography. The occurrence of meningitis following transverse fractures of the temporal bone is secondary to the singularly poor healing qualities of endochondral bone. Due to this poor healing in crucial areas a persistent defect and communication may exist between the subarachnoid space and the middle ear. An episode of otitis media at any time following the fracture is capable of causing an attack of meningitis.
Postoperative Recurrent Meningitis
Recurrent meningitis after surgery or disease of the temporal bone usually results after repeated operations on the mastoid bone for chronic mastoid disease, intermittent discharge of CSF from the cavity, or the presence of pulsating herniation of the meninges into the cavity or external auditory canal. Such cases have been described by Alberti & Dawes (1961) and by Lang & Bucy (1962) . They may arise occasionally as a result of disease extension only. They occur much less commonly than those following trauma. Furthermore, with the diminishing incidence of operations for mastoiditis, particularly repeated operations, these complications will become even more uncommon. Cases of meningitis have been reported after stapedectomy and other operations on the labyrinth but to my knowledge there have been no reports of such cases developing recurrent meningitis.
Diagnosis andLocalization
Diagnosis and localization of the site of the fistula accounting for recurrent meningitis is of the greatest importance and the difficulties are illustrated by the following case history Case 4 I D, man aged 36. First seen in the ENT Department on 8.3.72
He was referred by the physicians after two attacks of pneumococcal meningitis, the second of which had been very severe. He had suffered a head injury on 11.7.68 and sustained a fracture of the right parietal bone. There was bleeding from the right ear and he was very deaf on that side. Ever since the accident he had had a profuse discharge of clear watery fluid from the right nostril from time to time. Because of the right-sided deafness and as the right tympanic membrane was intact it was thought that the watery discharge from the right nostril was cerebrospinal rhinorrhiea originating in the ear, but tomograms of the petrous bone did not reveal any fracture. Tomograms of the anterior fossa were also negative, but after consultation with a neurosurgeon it was considered advisable to explore the right mastoid to ascertain the source of the CSF leak. Operation was carried out on 18.4.72 but the source of the CSF leakage could not be found. He continued to be seen in the outpatient department and three months later there was a further recurrence of watery discharge from the nose. He was seen again by the neurosurgical department: the anterior fossa was explored and dural repair of a fistula through the cribriform plate was carried out. Although everything pointed to the ear as the source of the recurrent meningitis the cause lay elsewhere.
The history of an injury and the site of injury can give some clue to the localization. The trauma concerned need not be severe. Suspicion is heightened if the history of trauma was accompanied by cerebrospinal otorrhoea or rhinorrhoea immediately after or since the injury. If there is a fluid leak, the fluid can be collected for examination; a high glucose concentration is an important diagnostic clue. The absence of a history of injury and the occurrence of recurrent meningitis in a young child suggests a congenital malformation.
Clinical examination may reveal a dorsal dermal sinus at the back of the head or in the natal cleft. A deficiency of auditory or vestibular function points to the ear as the cause, although this can be misleading, as shown by the history of Case 4.
The type of organism may give some indication of the site of origin of the meningitis. Where the organism concerned is the pneumococcus one should expect the presence of a fistulous communication between the subarachnoid space and the nasal cavity or with the air spaces of the middle ear. The offending organisms in connexion with a posterior dermal sinus constitute those of enteric flora, Escherichia coli, proteus, or bacteroides.
Myringotomy has been advocated as a diagnostic measure in the closed variety of fistula where the presence of CSF in the middle ear is suspected. The fluid aspirated can be tested to see if in fact it is CSF. However, it would appear to be a somewhat doubtful procedure as it converts a closed fistula into an open one, facilitates the entrance of infection and precipitates an attack of meningitis. It has been done in some instances under the mistaken impression that the case was one of secretory otitis media. Again it may precipitate an attack of meningitis.
Radiological investigation includes routine skull as well as oblique views of the nasal sinuses, cribriform plate area and mastoids. Hypocycloidal polytomography has been a great advance in the diagnosis of congenital petrous malformations and in the detection of fractures involving the middle and inner ear, which may at some later date cause recurrent meningitis.
Radioactive isotopes may be used to identify small CSF leaks. It is possible to tell from them whether the rhinorrhoea is from the nasal cavities or from the middle ear.
Positive contrast Pantopaque, Pantopaque cisternography or dyes may be used, but these specialized procedures are not without risk.
Treatment
Adequate exposure and closure of the dural defect with temporalis fascia and muscle grafts via the mastoid subtemporal approach is the treatment of choice. It is a relatively simple procedure and free of danger. Investigations and X-rays will have indicated that the dural communication is present either in the area of the tegmen tympani or the labyrinth, but exact localization is difficult to define prior to surgical exploration of the mastoid. The problem is usually resolved at operation when CSF is seen to leak into the wound. Injection of methylene blue or indigo-carmine has been advised to assist in this exact localization but is thought to be unnecessary and the procedure is not without risk.
In cases resulting from defects in the tegmen tympani the defect may be obscured from view by granulation tissue. Great care must be taken in removing this, especially as it may be adherent to dura. The bony opening in the tegmen is enlarged until healthy dura and bone are reached. A piece of fascia is fashioned for closure of the dural defect. Drying of the fascial graft facilitates its insinuation over the bony defect on its upper and dural aspect. It has been suggested that these cases of defects in the dura and tegmen are best treated by an extradural supratympanic approach to enable the fascial graft to be placed between the defect in the bone and dura (Fig 5) . The pressure to which the graft is subjected tends to keep it in position, whereas if it is applied on the tympanic side the graft may fail to adhere satisfactorily and leakage of CSF and further meningitis may result. However, this procedure of inserting the graft over the bony defect and between it and the dura can be done from below. Temporalis muscle and fascia is used to pack the cavity and it can be covered by a tympano-meatal flap of skin as in the modified radical mastoid operation. Should these methods from below, via the mastoid cavity, fail, neurosurgical help should be sought and craniotomy performed. In the case histories described this was found to be unnecessary.
When the subarachnoid space is in indirect communication with the tympanic cavity by way of the labyrinth the otological approach is preferable. The labyrinth should be opened sufficiently to allow it to be packed tightly with a free fascial and muscle graft. The pressure to which the graft is exposed helps to plug it more firmly. Packing of the labyrinth when it is known to be destroyed produces no disability and shuts it off from the middle ear. It is advisable to preserve the tympanic membrane, to take down the bridge and apply the tympanomeatal flap to the attic to adhere to the line of the horizontal part of the facial canal and promontory. It is advisable also to close the middle ear opening of the eustachian tube by curettage of the orifice and packing it with muscle or Horsley's wax. These procedures resulted in the cessation of any CSF leak in Case 1, and here have been no further attacks of meningitis.
Summary
Case reports are presented of recurrent meningitis resulting from a congenital defect of the labyrinth with unilateral deafness, from a fracture involving the tegmen tympani and middle cranial fossa, and another following a fracture of the inner ear. A fourth case had had a fractured skull associated with deafness, but whose recurrent meningitis was secondary to a defect in the cribriform plate of the ethmoid. The etiology, diagnosis and treatment of such cases are discussed.
